these syndromes is rare. Even though recent studies (Carter, 1969; Woolf et al., 1969) suggest that the majority of cleft cases result from the action of polygenes, definitive genetic conclusions are lacking because of the limited number of family histories collected in any one study and the aetiological heterogeneity of cases.
In 1963, a study was published by the present author and collaborators (Woolf, Woolf, and Broadbent, 1963a ) dealing with the family histories of 418 CL(P) propositi from Salt Lake City, Utah. In order to increase the number of families, additional propositi with this anomaly were obtained from Phoenix, Arizona. All family histories were obtained by field workers who visited the homes of the propositi and interviewed family members. The present study deals with the families of 496 CL(P) propositi. Data concerning the propositi and their relatives were used to test specific hypotheses concerning the aetiology of CL(P). The 496 propositi are classified in Table I as to sex, presence of cleft lip (CL), or cleft lip with cleft palate (CLCP), and whether the cleft was right, left, or bilateral. The results conform to those reported in previous studies (Greene, 1963) , i.e. CL(P) is more common in males than females, CLCP is about twice as frequent as CL, and in unilateral cases the cleft more often involves the left side. The coefficient of relation (r) between propositi and parents, propositi and sibs, and propositi and children, is in each case . If CL(P) has a polygenic mode of inheritance (quasicontinuous variation) where the probability of occurrence is increased if the number of these genes is above a threshold number, then the frequency of CL(P) should be similar in the parents, sibs, and children of the propositi. In the present study, children were not tabulated since the Arizona propositi were all children. For the Utah propositi, the frequency of affected children was 4-58% (n=171) (Woolf et al., 1964) . In the present study (see Table II ) the frequency among sibs is 4-000o (n= 1574). These relatively similar values for children and sibs support the polygene hypothesis. Similar values would not be expected if CL(P) had a recessive mode of inheritance. A similarity in frequency values for children and sibs has been well documented in other studies (Carter, 1969) . It is of interest, however, that the frequency of affected parents (1 -92 % ; n = 992) in the present study is less than half that observed for sibs and children. The reduced value for parents probably represents biased sampling resulting from natural and social selection against infants with CL(P). Since there is a decreased probability that an individual with CL(P) will survive infancy and marry and have offspring, a random sample of propositi tend to be born to normal parents.
A criterion for polygenic inheritance, which distinguishes it from dominant inheritance, is a conspicuous decrease in the frequency of affected individuals as one proceeds from first degree to second degree to third degree relatives. Carter (1969) has emphasized this fact and presented data showing the decrease for several anomalies including CL(P). This decrease in frequency of affected individuals is seen in the data extracted from Table   II : first degree relatives (sibs only), 4-00% (n= 1574); second degree relatives (aunts and uncles), 0 65% (n=4747); third degree relatives (first cousins), 036% (n =11,698). Assuming a population incidence value of 1-2 per 1000, which is an approximate incidence among Caucasians in Utah (Woolf et al., 1963a) , the frequencies in these three degrees of relatives are about 33 times, 5 times, and 3 times, respectively, that found in the general population. This decrease with degree of relation is of the order of magnitude expected for polygenic inheritance (Carter, 1969) . When dominant inheritance is present, the frequency of affected individuals decreases by I in each successive group of relatives.
Family History and Frequency of CL (P) in Sibs Polygenic inheritance differs from recessive inheritance for congenital malformations by the influence of family history on the frequency of the anomaly in the sibs of the propositi. For example, if the parents of a propositus with the recessive type of albinism are normal, the risk of albinism in all subsequent sibs of the propositus is 25% regardless of the presence of albinism in any other relative. Assuming polygenic inheritance and complete heritability, propositi will vary as to the number of genes they possess above the threshold number; their normal parents will vary as to the number of genes they possess below the threshold number. The obvious rule is that the larger the number of genes possessed by the parents, the higher the probability they will have an affected child. Furthermore, propositi with a history of the disorder in a close relative likely have more of the genes than propositi with a family history of the disorder in a distant relative or with no family history. The larger the number of genes possessed by the propositi, the higher the probability they will have an affected sib.
In the present study, the overall frequency of CL(P) in the sibs is 4-00% (n = 1574). The frequency of CL(P) in the sibs when there is no family history of CL(P) is 2 240% (n=848). The value is increased to 3-69% (n=293) when there is an occurrence of this disorder in a fourth degree relative; it is increased to 6 90% (n=87) and 9-91% (n= 111) when CL(P) occurs in a third and second degree relative, respectively. The frequency is 15-55 % (n = 45) when CL(P) is present in one of the parents. In each of the above cases, a more distant relative may also have been affected. The number of individuals used to test the relation between the frequency of CL(P) in sibs and closeness of affected relatives can be increased by using the cumulative method shown in Table III . 
Sex of Propositi
It has been proposed that CL(P) has a sex-modified polygenic mode of inheritance (Roberts, 1962; Woolf et al., 1964) (Table IV) .
Heritability of CL(P) Falconer (1965) has developed a method for determining the relative aetiological importance of genetics for anomalies showing polygenic inheritance. Genetic and nongenetic variation exists between affected and non-affected individuals. In the absence of dominance and interaction between genes at different loci, the proportion of the total variance due to genetic differences is defined as the heritability (h2) of the trait (i.e. h2 = additive genetic variance/total variance). Falconer has shown that this statistic can be calculated from the equation h= b/r, where r is the coefficient of relation between propositi and specific relatives and b is the regression of these relatives on propositi. For first, second, and third degree relatives the coefficient of relation values are r = -, r = 1, and r=, respectively. The corresponding regression values are h2= 2b, h2 = 4b, and h2 = 8b, respectively. The regression coefficient can be estimated from the incidence of the anomaly in the general population and the frequency in the corresponding relatives of the propositi. Using a population incidence of 0-0012 for CL(P) and the observed frequency value of 0 0400 in sibs, the regression value is b = 0-38; the heritability value becomes h2 = 2b = 0-76, which states that 76% of the variation between affected and non-affected individuals is due to genetic differences. A Greene, 1963) Severity of Defect An adjunct to quasicontinuous variation is a relation between the severity of the defect and the number of polygenes present. The data (see Table IV ) of the present study support the hypothesis that unilateral and bilateral CL(P) are part of a genetic continuum, with more genes being required, on the average, to give the bilateral condition. The frequency of CL(P) in the sibs of the propositi with unilateral CL(P) is 3 83% (n = 600); the frequency of this disorder in the sibs of the propositi with bilateral CL(P) is 6-71 % (n = 328). Similarly, the frequency of CL(P) is higher in the other relatives (down to and including first cousins) of the propositi with bilateral CL(P) than in the same relatives of the propositi with unilateral
Both differences are significant (see Table IV ).
An interaction with sex is present in the data: female propositi with bilateral CL(P) have the highest frequency of affected sibs and relatives, an event expected of sex-modified polygenic inheritance (Table IV) .
The data do not support the hypothesis that CLCP and CL are part of the same genetic continuum where more genes are required, on the average, to give CLCP. The frequency of CL (P) in the sibs of the CLCP propositi is 3.87%o (n= Relation between CL(P) and CP With the exception of the Van Der Woude syndrome, the theme of genetic studies of facial clefts is that CL(P) and CP are genetically distinct disorders. However, Rank and Thomson (1960) concluded from a genetic study carried out in Tasmania that CL(P) and CP are frequently found in members of the same family. Woolf et al. (1969) noted some discordant parent-child cases that may not be due to chance, especially when the parent had CP. When apparent cases of the Van Der Woude syndrome were omitted, 112 CL(P) propositi produced 133 children with CL(P) and 2 with CP; a total of 23 CP propositi produced 27 children with CP and 4 with CL(P).
If CL(P) and CP, in general, are genetically distinct, then the frequency of CP in the relatives of the CL(P) propositi and also the frequency of CL(P) in the relatives of the CP propositi should occur at the frequencies expected in the general population. In the present study, 13 cases of CP occurred in 20,995 relatives (down to and including first cousins) of the 496 propositi with CL(P). With the exception of CP occurring in the grandparent and first cousin of one propositus, all the CP cases occurred in different families. In Caucasian populations, the estimates of the incidence of CP range from about 0 0003 to 0 0005 (Woolf et al., 1963a; Chung and Myrianthopoulos, 1968) . Using the median estimate (0 0004), the expected number of CP cases in the relatives of the propositi is 8-4, which does not deviate significantly from the observed value of 13 (X2=2-0; 0-20>p>010). It may be concluded that the overall frequency of CP in the relatives is similar to that observed in the general population. It is informative, however, to compare the frequencies in the various types of relatives: first degree relatives, 0-00195; second degree relatives, 0 000595; third degree relatives, 0-000341. The frequency of CP is 5-7 and 1.7 times greater in first degree and second degree relatives, respectively, than in third degree relatives. Furthermore, the incidence in first degree relatives is about 5 times greater than the median estimate for the general population. No An analysis of the data showed that the overall frequency of CL(P) in sibs born subsequently to the propositi was 5 58% (n= 538). The risk is influenced by family history as follows: no family history, 4X17% (n=336); family history other than parent, 6-91 % (n= 188); family history somewhere, 7 92% (n= 202); family history including a parent, 21X43% (n= 14). The elimination of sibs in birth ranks before that of the propositi reduces the number of individuals to the point that risk values for certain categories, such as the last one, are not reliable.
The frequency of a given anomaly will be greater in subsequent sibs than total sibs of the propositi when there is a tendency to restrict reproduction after the birth of the propositi and also if the risk of the anomaly increases with advancing parental age. Both effects may be present for CL(P). There is evidence in the literature that parental age influences the risk of CL (P) (Fraser and Calnan, 1961; Woolf, 1963; Greene et al., 1964) . The 418 propositi from Utah were previously studied for parental age effect by using control data from the Utah population (Woolf et al., 1963b; Woolf, 1963) . Birth rank frequencies for the combined Utah and Arizona propositi are given in Table V . Using the method of Greenwood and Yule (1914) , the hypothesis may be rejected that the propositi occur randomly in each birth rank [x2(7 d.f.) = 39-3; p < 001]. The propositi tend to be born in later birth ranks. Barker and Record (1967) have shown that this correlation is best described by a related frequency method (Table V) . This method may also be employed to test whether the correlation is due to advancing parental age (using maternal age as the index) or birth rank per se. The total related frequencies were determined for different maternal age-groups, as shown in Table  VI . These total related frequencies rise with advancing parental age, indicating that the excess of propositi in later birth ranks (as seen in Table V) is correlated with parental age and not birth order. Since these results could be influenced by a tendency for older parents to terminate reproduction after the birth of a child with CL(P), total related frequencies were also calculated (Table VI) 26  27  20  24  25  28  21  20  31  22  20  33  24  27  23  21  22  35  26  24  23  21  29   35  30  29  24  22  36  34  27  19  37  25  27  19  22  44  23  30  20  21  29  33  25  31  26  28  38  24  28  33  30  40  19  31  25  24  25  25  28  26  21  23  20  33  38  31  39  31  30  36  27  28  33  27 25 28  29  22  2826  30  23  4 22  30  25  22  35  27  30  26  29  25  50  32  29  25  23  30  44  36  30  28  24  42  35  37  21  46  24  39  21  25  45  23  31  24  25  34  33  25  37  27  29  35  23  28  38  32  42  20  32  29  31  27  26  30  29  23  24  27  43  51  33  41  31  37  39  27  29  33  25 27
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